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The origins of magnetic reconnection has been 
a mystery for a long time because the most in-
teresting reconnection phenomena in laboratory 
and space take place in collisionless plasmas, 
while the Ohm's law E = ryJ indicates no re-
connection if 77 = 0 as the electric field E = 0. 
The macro-particle simulation with the col-
lisionless condition [1] demonstrated that mag-
netic reconnection occurs in a few Alfven times 
due to rapid removal of the X-point current 
which has been generated there by pileup of the 
magnetic flux to completely impede the recon-
nection process [2]. 
Further simulation study [3] confirms that: 
(1) The equivalent resistivity originates from 
finiteness of the electron transit time at the X-
point, which is caused by their parallel motion. 
This effect, which is not included in the MHD 
equations, invokes spatial pump-out of current-
carrying electrons. Fig.1 shows that a plasmoid 
is formed at the X-point when the parallel mass 
diffusivity of electrons is suppressed either ar-
tificially or by reducing the ele<;tron thermal 
speed (the fluid limit). Since the resistivity is an 
equivalent one, joule heating does not exist. 
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Fig.1. The poloidal and toroidal magnetic field 
at the X-point when parallel electron motion is 
suppressed. 
The remarkably new findings of magnetic re-
connection are: 
(2) Plasma is compressible at the X-point 
even under the presence of the ambient magnetic 
field. The divergence of the plasma flow is not 
identical to zero for each species, \7 · y(s) -/= 0 
(s = e, i). On the other hand, many MHD sim-
ulations assume incompressibility. This com-
pressibility arises from the parallel motion of 
the electrons; electrons are easily compressed as 
they can escape along the magnetic field. The 
electron thermal motion promotes the reconnec-
tion rate. 
(3) Finiteness of the ion Larmor radius 
suppresses magnetic reconnection pro-
cess. This occurs because the charge separation 
electric field (pointing inward to the X-line) in-
tensifies the X-point current (negative to recon-
nection) by pushing the electrons by the E x B 
drift. Note that only the electrons drift because 
the ions are not magnetized, pi/ LB 2:: 1 where 
Pi is ion Larmor radius and LB the current layer 
thickness. 
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Fig.2. The reconnection rate versus the ion Lar-
mor radius. 
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